A C C E P T E D M A N U S C R I P T A stress-system model for functional neurological symptoms
In "Physical Precipitating Factors in Functional Movement Disorders" (2014), Pareés et al. present a Bayesian approach to functional neurological symptom disorder (FND) and the role that physical events potentially play in triggering functional neurologic symptoms in adults. In this letter we quickly review our own, similar findings with children and adolescents, describe a stress-system model of FND, and suggest that, from a clinical perspective, this model is especially useful in explaining functional neurological symptoms to child and adolescent patients and families.
As background, nineteenth-century clinicians recognized that functional neurological symptoms arose in the context of stress, pain, fatigue, injury, or psychological trauma, and in response to sudden intense and overwhelming emotions [1, 2] . In the twentieth century, diagnostic classification systems for FND disregarded physical events and focused solely on psychological stressors. In this century, things have come full circle. In 2013, DSM-5 dropped psychological stressors as a diagnostic requirement [3] . The following year, this journal published the article by Pareés et al. mentioned above. That study documented that in 50 adult patients with functional motor symptoms, physical events triggered about 80% of the FND presentations.
Consistent with earlier clinical observations, they also found that 70% of patients experienced symptoms of panic-symptoms of autonomic arousal and motor activation (nausea, numbness , and tremor)-at the onset of FND symptoms. Likewise, and more broadly, numerous studies suggest that adult patients with FND present in a state of hyperarousal [4] . And neuroimaging studies suggest that arousal/emotion-processing regions are overactive and overly dominant in patients with FND: arousal/emotion-processing regions appear to overconnect with motor regions, thereby disrupting motor function (see Blakemore et al. 2016 for review) [5] .
In our work with children and adolescent patients from three different research cohorts, we have obtained results similar to those of Pareés et al. (2014) . We documented high rates of physical events (49%-60%) preceding the onset of functional neurological symptoms [6] [7] [8] , with A C C E P T E D M A N U S C R I P T a minor physical injury in over a fifth of patients) or a viral illness (in over a tenth of patients) being the most common. Taken together, family reports of cumulative antecedent stressors and assessments of attachment (indicative of long-term relational stressors) suggest that, most typically, physical events trigger FND in the wake of other stressors [6, 7] . Across the three cohorts we have also found high rates of non-specific somatic symptoms (60%-88%) 1 In our work with children and adolescents, we have followed a different approach from that of 
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A N U S C R I P T clinically, both in explaining those symptoms to our patients and their families, and in designing treatment programs [9, 10] . The brain-body stress systems-the hypothalamic-pituitaryadrenal (HPA) axis, autonomic nervous system, immune-inflammatory system, and brain systems underpinning pain, arousal, and emotional states-are interconnected and form part of a larger integrated system that protects the individual from a broad range of threats.
Activation of any single part of the system, whether by emotional stress, pain, injury, infection, or psychological trauma, can trigger the body's stress response, resulting in a cascade of stressinduced changes in the brain, which prompt, in turn, brain-wide network reorganization that prioritizes automatic responses to threat [11, 12] . According to the perspective presented here, functional neurological symptoms emerge when aberrant patterns of functional connectivity between arousal/emotion-processing regions and motor-processing regions are incidentally coopted in the process of this stress-induced network reorganization.
Finally, there is the important issue of comorbidities. The majority of our child and adolescent patients with FND suffer with comorbid anxiety and depression as well as chronic functional pain. Research suggests that stress and inflammation have a role in all these presentations. It is now well established that inflammation plays a causative role in depression and that psychosocial stressors, which activate immune-inflammatory processes, are a risk factor in depression [13] . Likewise, stress-induced activation of glial cells-part of the brain's immuneinflammatory system-and stress-induced changes in glial cell numbers and morphology appear to play an important role in the neurobiology of depression [13, 14] . Emerging data from animal studies show that non-neural cells, including glial cells, play an important role in inducing the neuroplastic changes that maintain chronic pain [15] . More generally, glial cells are involved in priming the brain's sensitivity to stress [16] [17] [18] , in facilitating neural synapse formation and function, and in network configuration (via synaptic and non-synaptic routes) [14, 19] . In this way, stress-induced activation, priming, and (mal)adaption of non-neuronal cells may play a key Though scientifically and clinically feasible and attractive, the stress -system model raises as many questions as it answers. No studies have examined cortisol levels in child and adolescent patients with FND, and no studies that have tracked patterns of HPA dysregulation from childhood into adulthood in FND patients. 2 Likewise, we have limited understanding of stressrelated neuroplastic changes in FND and of how the illness duration and course affect the pattern of changes. Recent studies suggest that the neuroplastic changes seen in children and adolescent patients with short illness duration [7] may not be the same as those found in adult patients with chronic illness duration [22, 23] . Finally, the utility of the stress-system model to adult patients with FND-and in particular, those who do not identify antecedent stressors [24] -is an open question. It is also an open question, however, whether child, adolescent, and adult patients who identify no such stressors may nonetheless have primed stress systems, either epigenetically or from events early during development that are not remembered. 2 Of interest in this context is that, whereas cortisol response increases in girls who have been sexually abused, 
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In the future, as we learn more about how the brain responds to stress -and the genetic and epigenetic variations that modulate individual differences in the brain's stress response-we will be able to start filling in the details of the stress-system model and to gain further insights into how to translate that model into effective treatments.
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